METHOD AND APPARATUS FOR LONG SEEKING CONTROL IN AN OPTICAL DISC 

DRIVE 

DESCRIPTION 

Background of Invention 

[Para 1] 1 . Field of the Invention 

[Para 2] The invention relates to a method for long seeking control, and 

more particularly, to a method for long seeking control employing adaptive 
control to a sled actuator by referring to the remaining tracks information 
indicating a number of tracks to be crossed, and the movement Information of 
the sled actuator. 

[Para 3] 2. Description of the Prior Art 

[Para 4] Pickup head control is important in an optical disc device. 

Control on radial movement includes static tracking, short seeking, and long 
seeking (also known as long jumping). Some methods and related system 
structures of long seeking are disclosed in Taiwan Published Patent 
No.479248, No.514893 and US Patent No.6,606,283 "Long seeking method 
used in an optical disc drive", etc. 

[Para 5] Various approaches for long seeking have been proposed. For 
example, (1) using a stepping motor where the position of a pickup head could 
be determined according to a signal provided by the stepping motor, and the 
operating of a long seeking control is done according to the position of the 
pickup head, (2) controlling the pickup head by an open loop (that is, without 
feedback control), (3) generating a velocity profile according to the number of 
tracks remained to be crossed, receiving velocity information of the pickup 
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head according to tracking signals, and controlling the pickup head by 
comparing the velocity profile and the received velocity information in manner 
of velocity feedback. 

[Para 6] The first approach requires a stepping motor, which is more 
expensive than a sled actuator which only requires direct current (DC) to 
control. Therefore the first method is less desirable. As for the second 
approach, since the electrical/mechanical variances between different optical 
disc drives generally exist, an open loop control is generally not precise 
enough as required. Therefore, the third method is comparatively more 
preferable. 

[Para 7] Fig.1 illustrates a block diagram of a conventional optical disc drive 
1 00 for accessing (that is, reading and/or writing) information on an optical 
disc 1 20. The optical disc drive 1 00 includes a spindle motor 1 1 0, a sled 
actuator 1 30, and a pickup head 140. The pickup head 140 is movably 
installed on the sled actuator 1 30 for accessing data on the optical disc 1 20. 
An object lens 1 50 is installed on the pickup head 140 for guiding a laser 
beam generated by the pickup head 1 40 toward the optical disc 1 20. The sled 
actuator 1 30 carries the pickup head 1 40 for radial movement along a 
direction parallel to the surface of the optical disc 1 20. In general, it is called 
long seeking when the pickup head moves over several thousand tracks (for 
example, 20,000 tracks for CD or 30,000 for DVD). 

[Para 8] Fig. 2 illustrates a long seeking control system 200 of the optical 
disc drive 1 00. The velocity profile is predetermined to indicate the relation 
between the desired pickup head velocity (v) and the remaining tracks (t). The 
number of remaining tracks is the number of tracks remained to be crossed in 
the long seeking operation, and therefore equal to the distance between the 
current position (where the pickup head currently located) and the destination 
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position. First, tPie number of remaining tracl<s is provided, and tPien a 
controller 210 generates a driving voltage according to the velocity profile and 
the velocity information of the sled actuator 1 30 to control the movement of 
the sled actuator 1 30 (and also the pickup head 140 contained therein). A 
velocity sensor 220 provides the velocity information of the pickup head 140 
according to the tracking signals generated during the movement of the 
pickup head 140. 

[Para 9] Ideally, when the numbers of remaining tracks are the same, each 
optical disc drive incorporating the same controller should be able to drive the 
pickup head to move in the same velocity. However, this is not the case 
because the optical disc drives generally vary in their mechanical/electrical 
characteristics. For example, the friction inside each optical disc drive may be 
different. Also, there is a friction difference between situations when the sled 
actuator moves in the inner radius of the optical disc or in the outer radius of 
the optical disc. Therefore, it is not practical to expect that a fixed velocity 
profile would perfectly fit all situations in all optical disc drives. Moreover in 
the prior art, feedback control depends on the velocity information (or 
sometimes also depends on the number of remaining tracks), which is also not 
precise enough for long seeking control. 



Summary of Invention 

[Para 10] It is therefore an objective of the claimed invention to provide 
a method for long seeking control employing adaptive control to a sled 
actuator by referring to remaining tracks, velocity information and acceleration 
information of the sled actuator. 



[Para 1 1] Briefly, the present invention provides a method for controlling long 
seeking operation in an optical disc drive. The optical disc drive includes a sled 
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actuator, a pickup head installed on the sled actuator for accessing data on an 
optical disc, and a controller for controlling the sled actuator to move together 
with the pickup head. The method comprises: receiving remaining tracks 
information indicating a number of tracks remained to be crossed by the sled 
actuator and/or the pickup head; receiving velocity information indicating a 
velocity of the sled actuator and/or the pickup head; receiving acceleration 
information indicating an acceleration of the sled actuator and/or the pickup 
head; and driving the sled actuator to move according to the remaining tracks 
information, the velocity information, and the acceleration information. 

[Para 12] The present invention further provides a long seeking control 
system in an optical disc drive. The optical disc drive includes a sled actuator, 
a pickup head installed on the sled actuator for accessing data on an optical 
disc, and a controller for controlling the movement of the sled actuator 
together with the pickup head. The long seeking control system comprises: a 
track sensor coupled to the controller for providing remaining tracks 
information indicating a number of tracks remained to be crossed by the sled 
actuator and/or the pickup head; a velocity sensor coupled to the controller for 
providing velocity information indicating a velocity of the sled actuator and/or 
the pickup head; and an acceleration sensor coupled to the controller for 
providing acceleration information indicating an acceleration of the sled 
actuator and/or the pickup head. An characteristic of the long seeking control 
system of the present invention is that the controller controls the movement of 
the sled actuator according to the remaining tracks information, the velocity 
information, and the acceleration information adaptively. 

[Para 1 3] These and other objectives of the present invention will no doubt 
become obvious to those of ordinary skill in the art after reading the following 
detailed description of the preferred embodiment that is illustrated in the 
various figures and drawings. 



Page 4 of 1 7 



Brief Description of Drawings 

[Para 14] Fig.l is a blocl< diagram of a conventional optical disc drive. 

[Para 1 5] Fig. 2 illustrates a long seeking control system of the conventional 
optical disc drive. 

[Para 1 6] Fig. 3 is a block diagram of a long seeking control system according 
to an embodiment of the present invention. 

[Para 1 7] Fig. 4 is a flowchart of the method for long seeking control of an 
optical disc drive according to the embodiment. 



Detailed Description 

[Para 1 8] Fig. 3 illustrates a block diagram of a long seeking control system 
according to one embodiment of the present invention. The long seeking 
control system 300 includes a controller 31 0 for receiving target tracks 
information, a sled actuator 320 for receiving a driving voltage U and moving 
accordingly, a track sensor 330 for providing remaining tracks information 
(indicating a number of tracks, T, remained to be crossed by the sled actuator 
320 and/or a pickup head set on the sled actuator 320), a velocity sensor 340 
for providing velocity information (indicating a velocity V of the sled actuator 
320 and/or the pickup), and an acceleration sensor 350 for providing 
acceleration information (indicating an acceleration A of the sled actuator 320 
and/or the pickup head). The pickup head (not shown) is movably installed on 
the sled actuator 320 for accessing data on an optical disc (not shown). The 
controller 310 generates the driving voltage U to drive the sled actuator 
according to the target tracks information, the remaining tracks information 
(i.e. the number T), the velocity information (i.e. the velocity V), and the 
acceleration information (i.e. the acceleration A). The target tracks information 
indicates the number of tracks between the starting position and the 
destination position of the pickup head, indicates the number of tracks to be 
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crossed during the overall long seeking operation, and therefore is fixed 
during one single long seeking operation. The remaining tracks information 
indicates the number of tracks (T) remained to be crossed during the long 
seeking operation, indicates the distance between the current position (where 
the pickup head currently located) and the destination position, and therefore 
changes during the long seeking operation. 

[Para 1 9] The embodiment does not require a velocity profile as in the prior 
art. Instead, in a first stage the controller 310 receives the target tracks and 
outputs an initial driving voltage Uo to the sled actuator 320 so as to control 
the initial movement of the sled actuator 320. In this first stage the system 
300 is operating in an open loop mode. When the sled actuator 320 starts to 
move, the system enters a second stage and becomes operating in a close loop 
mode. In the second stage the driving voltage U is provided by the controller 
310 according to the number T, the velocity V and the acceleration A, which 
are provided by the track sensor 330, the velocity sensor 340 and the 
acceleration sensor 350 respectively. 

[Para 20] Further, in the embodiment shown in Fig. 3, the driving voltage U is 
a function of the velocity V and the acceleration A. In the driving voltage U, the 
component influenced by the velocity V is the product of the velocity V and a 
first multiplier KP, and the component influenced by the acceleration A is the 
product of the acceleration A and a second multiplier KD, which is shown in 
the following equation: 

[Para 21] U = KPxV+KDxA equation 1 

[Para 22] The first multiplier KP is a variable determined by the number T and 
the velocity V. The second multiplier KD is also a variable determined by the 
number T and the velocity V. Therefore, the long seeking control in this 
embodiment is an adaptive PD (proportional differential) control. Thus, in long 
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seeking, the control on the sled actuator 320 adaptively varies according to the 
number T and the velocity V. 

[Para 23] In this embodiment, two illustrative approaches for determining the 
first multiplier KP and the second multiplier KD according to the number T and 
the velocity V are disclosed. The first approach is to establish a lookup table of 
the number T and the velocity V in contrast to the first multiplier KP and the 
second multiplier KD, and the lookup table is available to the controller 310. 
The controller 310 could generate corresponding first multipliers KP and 
second multipliers KD according to different number T and velocity V by 
referring to the lookup table. The second approach utilizes polynomials and 
performs calculation to obtain the first and second multipliers. The controller 
310 receives the remaining tracks information and the velocity information 
from the track sensor 330 and the velocity sensor 340 respectively, and 
performs calculation to obtain the first multiplier KP and the second multiplier 
KD. 

[Para 24] In this embodiment, the following information is considered when 
preparing the above-mentioned lookup table and/or the polynomials. When 
the number T decreases, the first multiplier KP is decreased (so as to decrease 
the influence on the driving voltage U imposed by the velocity V), or the 
second multiplier KD is increased (so as to increase the influence on the 
driving voltage U by the acceleration A). When the velocity V increases, the first 
multiplier KP is decreased (so as to decrease the influence on the driving 
voltage U by the velocity V), or the second multiplier KD is increased (so as to 
increase the influence on the driving voltage U by the acceleration A). It is also 
noted that the above description is for illustration purpose only and should not 
be limiting when preparing the lookup table and/or the equations. 

[Para 25] Various implementations are available for realizing the track sensor 
330, the velocity sensor 340 and the acceleration sensor 350. In the track 
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sensor 330, the remaining tracl<s information (i.e. tPie number T) could be 
obtained by monitoring the tracking signals generated by the pickup head 
during the long seeking operation, or by reading the track-related data 
previously recorded on the optical disc (e.g. the Q code for a CD, the sector ID 
for a DVD, or the ATIP (Absolute Time In Pre-groove) for a blank disc). In the 
velocity sensor 340, the velocity information (i.e. the velocity V) could be 
obtained by differentiating the number T with respect to time, or by measuring 
the frequency of the tracking signals. In the acceleration sensor 350, the 
acceleration Information (I.e. the acceleration A) could be obtained by 
differentiating the velocity V with respect to time, or by measuring the 
frequency variation of the tracking signals over time. 

[Para 26] Fig. 4 Illustrates a flowchart of the method for long seeking control 
of an optical disc drive according to the embodiment. Hereby the optical disc 
drive Includes a sled actuator, a pickup head movably installed on the sled 
actuator for accessing data stored In an optical disc, and a controller for 
controlling the sled actuator to move the pickup head In long seeking process. 
The method is as follows: 

[Para 27] Step 41 0: Providing an Initial driving voltage Uo to the sled actuator 
according to the target tracks Information. 

[Para 28] Step 420: Receiving remaining tracks Information (Indicating a 
number, T, of tracks remained to be crossed by the actuator and/or the pickup 
head). 

[Para 29] Step 430: Receiving velocity Information (Indicating a velocity V of 
the sled actuator and/or the pickup head). 

[Para 30] Step 440: Receiving acceleration Information (indicating an 
acceleration A of the sled actuator and/or the pickup head). 

[Para 31] Step 450: Providing a driving voltage U to the sled actuator 
according to the remaining tracks information, the velocity information, and 
the acceleration Information In order to control the velocity of the pickup head. 
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[Para 32] Step 460: See whether the long seeking is terminated. If yes, end 
the process, and if no, go to Step 420. 

[Para 33] In Fig. 4, Step 420, Step 430, Step 440 could be performed by a 
track sensor, a velocity sensor, and an acceleration sensor respectively. It is 
noted that the sequence in this embodiment for performing these three steps 
is not limiting, and people skilled in this field would easily appreciate that 
other sequences are also regarded as inherent in this embodiment. Moreover 
in Step 450, equation 1 could be used for determining the driving voltage U 
according to the remaining tracks information, the velocity information, and 
the acceleration information. Further, Step 450 could include several sub- 
steps such as decreasing the first multiplier KP and/or increasing the second 
multiplier KD when the number T decreases, and decreasing the first multiplier 
KP and/or increasing the second multiplier KD when the velocity V increases, 
and then calculating the driving voltage U according to the equation 1 . In such 
a manner, adaptive PD control can be realized. 

[Para 34] In contrast to the prior art, the embodiment according to the 
present invention controls the sled actuator by adaptive PD control in long 
seeking process. So even in different optical disc drives, the control can be 
precisely performed. Furthermore, the parameters used in adaptive PD control 
vary adaptively, so the control of the whole long seeking control system could 
be improved. 

[Para 35] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may be made while 
retaining the teachings of the invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and bounds of the appended 
claims. 
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